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(57) ABSTRACT

A high sensitive and specific non-invasive bladder cancer
diagnosis and/or prognosis method based on the detection
and quantification of the gene expression of a combination of
bladder tumor markers in bladder fluids is provided. A pre-
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tion of ANXAI10, Cl4orf78, CTSE, CRH, IGF2, KLF9,
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BLADDER CANCER DIAGNOSIS AND/OR
PROGNOSIS METHOD

This application is U.S. National Phase of International
Application PCT/ES2007/000330, filed Jun. 5, 2007 desig-
nating the U.S.; and published in a language other than
English as WO 2008/113870 on Sep. 25, 2008, which claims
priority to Spanish Patent Application No. P200700727, filed
Mar. 20, 2007.

FIELD OF THE INVENTION

The field of application of the present invention is within
the healthcare field, mainly in the “Oncological Urology” and
“Molecular Biology” field. This invention is specifically
aimed at bladder cancer diagnosis and prognosis methods.

BACKGROUND OF THE INVENTION

Bladder cancer, or vesical cancer, is the second most fre-
quent tumor of the genitourinary tract after prostate cancer
[Jemal A, Thomas A, Murray T, Thun M. Cancer statistics,
2002. CA Cancer J Clin 2002; 52:23-47]. In a global context,
it represents approximately 3 and 1%, in men and women,
respectively, of all the deaths due to cancer. In absolute val-
ues, this means that about 95,000 men and about 35,000
women die every year due to this pathology. The ratio
between incidence and death is different depending on the
degree of development of each country. As extreme examples,
it could be mentioned that in the North America area this ratio
would be close to 0.2, whereas in sub-Saharan regions it
would increase up to 0.6 [Edwards B K, Brown M L, Wingo
P A et al. Annual report to the nation on the status of cancer,
1975-2002, featuring population-based trends in cancer
treatment. J Natl Cancer Inst 2005; 97:1407-27; Pisani P,
Parkin D M, Bray F, Ferlay I. Estimates of the worldwide
mortality from 25 cancers in 1990. Int J Cancer 1999; 83:18-
29].

Unlike other tumors, familial genetic predisposition fac-
tors have virtually not been detected for the moment. In
contrast, several environmental factors strongly related to
bladder tumors have been detected. One of the most important
factors, not only due to its relation to the disease but also due
to its incidence in the population, is smoking. It has been
observed that smokers have a risk three times higher than
non-smokers of developing a bladder tumor. In fact, one third
of bladder tumors are associated to tobacco consumption.
Unfortunately, the carcinogenic agents present in tobacco
have still not been clearly identified [Burch J D, Rohan T E,
Howe G R et al. Risk of bladder cancer by source and type of
tobacco exposure: a case-control study. Int J Cancer 1989;
44:622-28; Zeegers M P, Kellen E, Buntinx F, van den Brandt
P A. The association between smoking, beverage consump-
tion, diet and bladder cancer: a systematic literature review.
World J Urol 2004; 21:392-401].

Different types of disorders can be found in the bladder at
cell level. There are benign changes such as epithelial hyper-
plasias, urothelial metaplasias and Von Brunn’s nests, among
others. In contrast, dysplasias would correspond to disorders
that are more or less intermediate between normal epithelium
and carcinoma. Finally, different types of urothelial carcino-
mas are found in the bladder, which can divided into adeno-
carcinomas, squamous tumors and transitional cell carcino-
mas (TCC).

More than 90% of bladder tumors are TCCs. At the time of
their diagnosis, approximately 75% are superficial tumors,
20% are invading muscular layers (infiltrating or invasive
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TCCs) and 5% are already metastatic. Of the superficial
cases, approximately 20% are cured by means of a single
surgical intervention, whereas between 50 and 70% recur one
or more times after surgery, but never become infiltrating
tumors. Between 10 and 30% of these superficial tumors
become infiltrating tumors. These tumors are aggressive,
poor-prognosis tumors with a mortality after 5 years of 50%
and in the metastasized cases, the mortality after two years is
100% [Sanchez-Carbayo M, Socci N D, Charytonowicz E et
al. Molecular profiling of bladder cancer using cDNA
microarrays: defining histogenesis and biological pheno-
types. Cancer Res 2002; 62:6973-80; Adshead ] M, Kessling
A M, Ogden C W. Genetic initiation, progression and prog-
nostic markers in transitional cell carcinoma of the bladder:
a summary of the structural and transcriptional changes, and
the role of developmental genes. Br J Urol 1998; 82:503-12;
Babaian R J, Johnson O F, Llamas [, Ayala A G. Metastases
from transitional cell carcinoma of urinary bladder. Urology
1980; 16:142-44].

The genetic pathways of superficial and invasive TCCs,
although related, seem to be quite different. The most usual
progression in superficial tumors seems to be hyperplasia,
atypia and finally low-grade papillary TCCs. In invasive
tumors, it is most usual to progress from an atypia to a dys-
plasia, to then pass to a tumor in situ (Tis) and end in an
infiltrating tumor [Knowles M A. What we could do now:
molecular pathology of bladder cancer. Mol Pathol 2001;
54:215-21].

Current diagnosis systems are based on a combination of
urinary cytology (from squamous cells in urine) and of the
direct observation of the bladder by means of cystoscopy. The
latter is actually the main diagnostic and follow-up technique
for tumors. It is performed by transurethral route, therefore it
is an invasive and rather unpleasant technique for the patients.
The sensitivity and specificity of this technique were believed
to be quite high, although improvements in the actual tech-
nique (fluorescence cystoscopy) indicate that this is probably
not so and that part of the recurrence observed in superficial
tumors could be due to the lack of total resection in non-
visible parts thereof [Jones J S. DNA-based molecular cytol-
ogy for bladder cancer surveillance. Urology 2006; 67:35-
45]. Urinary cytology is in turn a non-invasive diagnostic
technique with a high sensitivity and specificity for high-
grade tumors. However, this technique shows limitations for
detecting low-grade tumors [Bastacky S, Ibrahim S, Wilczyn-
ski S P, Murphy W M. The accuracy of urinary cytology in
daily practice. Cancer 1999; 87:118-28]. Furthermore, the
interpretation of the cytology is highly observer-dependent,
therefore they may be inter-observer differences, especially
in low-grade tumors.

All these limitations have led to the search for more reliable
non-invasive bladder cancer markers. Finding a non-invasive
marker with a high sensitivity and specificity for bladder TCC
would be very helpful for clinical practice. In fact, several
studies describe new tumor markers in urine, such as the test
for the bladder tumor antigen NMP22 [Wiener H G, Mian C,
Haitel A, Pycha A, Schatzl G, Marberger M. Can urine bound
diagnostic tests replace cystoscopy in the management of
bladder cancer? J Urol 1998; 159:1876-80; Soloway M S,
Briggman V, Carpinito G A et al. Use of a new tumor marker,
urinary NMP22, in the detection of occult or rapidly recur-
ring transitional cell carcinoma of the urinary tract following
surgical treatment. J Urol 1996; 156:363-67], fibrin degrada-
tion products [Schmetter B S, Habicht K K, Lamm D L et al.
A multicenter trial evaluation of the fibrin/fibrinogen degra-
dation products test for detection and monitoring of bladder
cancer. J Urol 1997; 158:801-5.], telomerase [Takihana Y,
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Tsuchida T, Fukasawa M, Araki I, Tanabe N, Takeda M.
Real-time quantitative analysis for human telomerase reverse
transcriptase mRNA and human telomerase RNA component
mRNA expressions as markers for clinicopathologic param-
eters in urinary bladder cancer. Int J Urol 2006; 13:401-8],
tests based on fluorescent in situ hybridization [Hailing K C,
King W, Sokolova I A et al. 4 comparison of BTA stat, hemo-
globin dipstick, telomerase and Vysis UroVysion assays for
the detection of urothelial carcinoma in urine. J Urol 2002;
167:2001-6] or flow cytometry [Takahashi C, Miyagawa I,
Kumano S, Oshimura M. Detection of telomerase activity in
prostate cancer by needle biopsy. Eur Urol 1997;32:494-98;
Trott P A, Edwards L. Comparison of bladder washings and
urine cytology in the diagnosis of bladder cancer. J Urol
1973; 110:664-66], but although most of them have a higher
sensitivity than urinary cytology, the latter is still the most
specific [Bassi P, De M, V, De Lisa A et al. Non-invasive
diagnostic tests for bladder cancer: a veview of the literature.
Urol Int 2005; 75:193-200].

It is known that many and very varied genetic disorders are
found in urothelial tumors, therefore the current tendency is
to search for genetic markers (either at the DNA, RNA or
protein level) which can indicate the presence of carcinomas
in the analyzed sample. Furthermore, it would be very inter-
esting to be able to discriminate the aggressiveness of the
tumor of a patient with these same markers, as this would
allow a much more personalized and effective treatment.
Finally, some of these markers could be possible therapeutic
targets for developing new drugs to combat cancer.

Until recently, the capacity to analyze gene expression
patterns was limited to a few genes per experiment. New
technologies, such as DNA microarrays have completely
changed the scenario. Thousands of genes can currently be
analyzed in a single assay [Duggan D I, Bittner M, Chen'Y,
Meltzer P, Trent J M. Expression profiling using cDNA
microarrays. Nat Genet 1999; 21:10-14; Granjeaud S, Ber-
tucci F, Jordan B R. Expression profiling: DNA arrays in
many guises. Bioessays 1999; 21:781-90]. Therefore, mas-
sive expression results of all tumor types have started to
appear in literature, including bladder tumors [Sanchez-Car-
bayo M, Socci N D, Charytonowicz E et al. Molecular pro-
filing of bladder cancer using cDNA microarrays: defining
histogenesis and biological phenotypes. Cancer Res 2002;
62:6973-80; Ramaswamy S, Tamayo P, Rifkin R et al. Mul-
ticlass cancer diagnosis using tumor gene expression signa-
tures. Proc Natl Acad Sci US4 2001.98:15149-54; Sanchez-
Carbayo M, Socci N D, Lozano J J et al. Gene discovery in
bladder cancer progression using cDNA microarrays. Am J
Pathol 2003; 163:505-16; Sanchez-Carbayo M, Capodieci P,
Cordon-Cardo C. Tumor suppressor role of KiSS-1 in bladder
cancer loss of KiSS-1 expression is associated with bladder
cancer progression and clinical outcome. Am J Pathol 2003;
162:609-17; Dyrskjot L, Thykjaer T, Kruhoffer M et al. /den-
tifying distinct classes of bladder carcinoma using microar-
rays. Nat Genet 2003; 33:90-96], although most of the results
have not been made public in their entirety. However, up until
now, the studies which have been conducted with specific
bladder cancer markers have been focused on one or on very
few genes [Olsburgh J, Hamden P, Weeks R et al. Uroplakin
gene expression in normal human tissues and locally
advanced bladder cancer. J Pathol 2003; 199:41-49; Fichera
E, Liang S, Xu Z, Guo N, Mineo R, Fujita-Yamaguchi Y. A
quantitative reverse transcription and polymerase chain reac-
tion assay for human IGF-II allows direct comparison of
IGF-II mRNA levels in cancerous breast, bladder, and pros-
tate tissues. Growth Horm IGF Res 2000; 10:61-70; Simo-
neau M, Aboulkassim T O, LaRue H, Rousseau F, Fradet Y.

10

15

20

25

30

35

40

45

50

55

60

65

4

Four tumor suppressor loci on chromosome 9q in bladder
cancer: evidence for two novel candidate regions at 9922.3
and 9q31. Oncogene 1999; 18:157-63].

Given that the nature of these tumors is very heteroge-
neous, it does not seem very likely to be able to identify all or
most carcinomas with a single marker. Thus, to be able to
characterize most tumors it seems to be essential to combine
several of the best markers to some type of extent.

In addition, although the direct analysis of urothelial tissue
is the most comfortable alternative for developing a routine
diagnostic method, it would be very interesting, as has been
mentioned above, that said method were not invasive, because
the latter decrease the quality of life of the patients and rep-
resent a much higher economic burden for healthcare.

Bladder fluids (urine or bladder washing) which are in
contact with the entire bladder epithelium, and therefore with
the tumor mass, seem to be a good alternative for detecting
tumor markers, given that they represent an easy and non-
invasive way to obtain the sample to be analyzed. Thus, a
large number of works have been focused on the study of
tumor markers in urine in the search for a non-invasive diag-
nostic method for bladder TCC. In fact, different tests with
this objective have been marketed (NMP22, UroVysion,
ImmunoCyt, Accu-Dx, etc.).

One alternative, which has still not been marketed, is the
detection of bladder TCC in urine samples by means of deter-
mining the gene expression of bladder cancer markers. In
fact, there are some studies suggesting the usefulness of this
methodology, although they have been conducted with one or
a few marker genes [Parekattil S J, Fisher H A, Kogan B A.
Neural network using combined urine nuclear matrix pro-
tein-22, monocyte chemoattractant protein-1 and urinary
intercellular adhesion molecule-1 to detect bladder cancer. J
Urol 2003; 169:917-20; Fissa S, Kenawy G, Swellam M, El
Fadle A A, Abd El-Aal A A, El Ahmady O. Comparison of
cytokeratin 20 RNA and angiogenin in voided urine samples
as diagnostic tools for bladder carcinoma. Clin Biochem
2004; 37:803-10; Larsson P C, Beheshti B, Sampson H A,
Jewett M A, Shipman R. Allelic deletion fingerprinting of
urine cell sediments in bladder cancer. Mol Diagn 2001;
6:181-88].

In response to these needs, the inventors, after an important
research work, have identified 14 bladder tumor marker
genes, from which they have developed a bladder cancer
diagnosis and prognosis method based on the detection and
quantification of the gene expression of these genes by means
of quantitative real-time PCR in RNA extracted from bladder
fluids, and their subsequent computer combination by means
of'an “alarm system”.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (A-J): Electropherograms obtained with the Agilent
2100 Bioanalyzer of the samples of intact RNA (BWO) (FIG.
1.A) and partially degraded RNA (BW1, BW2, BW3) (FIGS.
1.B,1.C,1.D) of' bladder washing, bladder tumor (T0, T1, T2,
T3) (FIGS. 1.E, 1.F,1.G, 1.H) and pool of control samples (C)
(F1G.1.1) and gel with the bands of the ribosomal RNAs (28S
and 18S) of each of the analyzed samples (FIG. 1.J). The
numbers 0, 1, 2 and 3 are assigned to the samples in increasing
order of degradation and for the samples with RNA of a
comparable quality.

FIG. 2: (a) Semi-matrix of comparison between pairs of
arrays of the 100 most differentially expressed genes in each
array. The upper and lower part shaded in gray of the semi-
matrix shows the percentage of differentially expressed genes
in common between the pairs of bladder washing (BW) arrays



US 9,097,715 B2

5
and between the pairs of tumors (T) arrays, hybridized with
RNA of a different degree of degradation. The non-shaded
part of the semi-matrix corresponds to the percentage of
differentially expressed genes in common between the pairs
of'bladder washing and tumor arrays. (b) Unsupervised clus-
ter of all the clones contained in the microarray, including the
duplicates with dye swap (DS).

FIG. 3: Validation by means of quantitative real-time RT-
PCR (qRT-PCR) of 4 differentially expressed genes (KRT20,
GSN, IGF2 and CCL2) in the cDNA microarrays and related
to bladder cancer, in 36 additional tumor bladder washing
samples. The positive values indicate overexpression in the
tumor bladder washings in relation to the controls. The
samples are grouped in the graph depending on the log 2ratio
according to the tumor stage and grade: low-grade superficial
tumors (8 pTa and 3 pT1), high-grade superficial tumors (5
pTa, 5pT1and 4 pTis) and invasive tumors (9 pT2 and 2 pT4).

FIG. 4: Classification of the samples by means of unsuper-
vised global cluster (Euclidean distance and UPGMA). pT2__
1,pT2 2 and pT2_3 (infiltrating tumors); pT1 HG 1, pT1
HG_ 2 and pT1 HG__3 (high-grade superficial tumors); pT1
LG_1, pT1 LG_2, pT1 LG_3 (low-grade superficial
tumors).

FIG. 5: Results of quantitative real-time PCR (qRT-PCR)
of'the pools and the individual samples contained therein. The
table is divided into pools (left part) and into individual
samples (right). The columns of the pools indicate the pool
number (No.), the expression levels observed in the microar-
rays (uarrays) and the levels quantified by means of QqRT-PCR
(qRT-PCR). The first column of the individual samples cor-
responds to the arithmetic mean of the expressions of the
individual samples contained in the pool (mean), which are
indicated in the following columns (1-5). Each row corre-
sponds to a gene (TCN1, SORBS1, MYHI11, SRPX, CRH,
KRT14, RRM2, FOSB, CEACAM6, CES1), with the differ-
ent expression levels for each pool.

FIG. 6: Classification of the 60 individual bladder fluid
samples by means of an unsupervised global cluster of 384
genes (Huclidean distance and UPGMA). The nomenclature
of'the samples follows the following rules: if the sample starts
with the letter “B”, it refers to a tumor bladder washing
sample; if it starts by “CB?”, it refers to a control bladder fluid
sample; if the initials “RV” appear after the sample number it
refers to a bladder washing sample; if on the other hand, the
initial “O” appears, it refers to a urine sample, and the tumor
grade and pathological condition of the tumor sample is indi-
cated after the underscore. The arrows indicate a bad classi-
fication of the sample which they indicate in relation to the
established categories: T_HG (high-grade tumors); T_LG
(low-grade tumors), and C (controls).

FIGS. 7 (A and B): Classification of the 140 individual
bladder fluid samples by means of an unsupervised global
cluster of 96 genes (Euclidean distance and UPGMA). The
arrows indicate a bad classification of the sample which they
indicate in relation to the established categories (C, controls;
FIG. 7.A and T, tumor samples; FIG. 7.B). The nomenclature
of'the samples follows the following rules: if the sample starts
with the letter “B”, it refers to a tumor bladder fluid sample; if
it starts by “CB”, it refers to a control bladder fluid sample; if
the initial “R” appears after the sample number, it refers to a
bladder washing sample; if on the other hand, the initial “O”
appears, it refers to a urine sample.

FIG. 8 (A-T): List of 384 diagnostic, prognostic and
endogenous control genes for bladder cancer. This list has
been obtained from the analysis by means of Affymetrix
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microarrays of pools of bladder tumor tissue samples with
different stages and tumor grades and control bladder mucosa
samples.

FIG. 9 (A-D): List of 96 diagnostic, prognostic and endog-
enous control genes for bladder cancer. This list has been
obtained by means of the analysis of 60 bladder fluid samples
in microfluidic cards containing the 384 genes of FIG. 8. The
gene symbol and the name of the TagMan Gene Expression
Assay selected for the TagMan Low Density Array microflu-
idic card are indicated.

FIGS. 10 (A and B): List of 48 diagnostic, prognostic and
endogenous control genes for bladder cancer. This list has
been obtained by means of the analysis of 140 bladder fluid
samples in microfluidic cards containing the 96 genes of FIG.
9. The gene symbol and the name of the TagMan Gene
Expression Assay selected for the TagMan Low Density
Array microfluidic card are indicated.

OBIECT OF THE INVENTION

The object of the present invention relates to an in vitro
non-invasive bladder cancer diagnosis and/or prognosis
method based on the detection and quantification in bladder
fluids of the gene expression of certain genes and/or combi-
nations thereof acting as genetic markers of said disease.

Likewise, the use of said genes as bladder cancer diagnosis
and/or prognosis genetic markers is an object of the present
invention.

Finally, another object of the invention relates to a bladder
cancer diagnosis and/or prognosis kit based on the use of said
genes as genetic markers of the disease.

DESCRIPTION OF THE INVENTION

The main objective of the present invention is to develop an
in vitro non-invasive bladder cancer diagnosis and/or prog-
nosis method based on the detection and quantification of
certain genes acting as genetic markers of the disease.

To carry out the method, the starting point is a bladder fluid
sample obtained from a subject on which an analysis is con-
ducted for the detection and quantification of the expression
pattern of certain genes and/or combinations thereof. The
results obtained are compared with the normal reference val-
ues for said genes in bladder fluids to thus establish the
diagnosis and/or prognosis.

The term “subject” used in the present invention relates to
a human being.

The bladder fluid sample obtained from the subject can be
a urine or bladder washing sample and can be obtained by
means of any conventional method.

In the present invention, bladder cancer diagnosis method
is understood as that which allows detecting and quantifying
differentially expressed genes between tumors and control
samples (from healthy individuals) (diagnostic genes).

The prognosis method relates to those which allow detect-
ing differentially expressed genes in the different types of
tumors (prognostic genes), which allows classifying the
tumors according to aggressiveness and personalizing the
treatment in each case.

The tumor classification of the different types of transi-
tional cell carcinomas (TCCs) is currently based on the mac-
roscopic and microscopic observation in the pathological
anatomy laboratory. Their classification is decided by means
of'more or less standardized observations, based on the depth
of the tumor and on the microscopic appearance of the cells.
Recent molecular studies seem to indicate that there are actu-
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ally two differential genetic profiles which mostly separate
superficial type tumors and infiltrating tumors.

Superficial bladder tumors are thus called Ta, Tis and T1.
The Ta carcinoma is an exophytic carcinoma that is non-
invasive or confined to the epithelium. Tis is a carcinoma in
situ (flat superficial tumor) and T1 is a tumor invading the
subepithelial connective tissue or invading the lamina pro-
pria.

In the present invention, the abbreviation HG is used to
determine high-grade tumors and LG to determine low-grade
tumors.

The Ta and T1 carcinomas can be extirpated by means of
transurethral resection (TUR). Although high-grade (HG) Tis
and T1 are superficial carcinomas confined to the mucosa,
because they are high-grade tumors, it has been demonstrated
with molecular biology techniques and by clinical experience
that they have a high malignant and invasion potential.

In addition, infiltrating bladder carcinomas are classified
into T2, T3 and T4. Thus, T2 relates to a tumor invading the
muscular bladder layer. This type is in turn divided into T2a,
invading the superficial muscular layer or the inner half, and
T2b, invading the deep muscular layer or the outer half. T3
relates to a tumor invading beyond the muscular layer or
invading the perivesical fat. This type is in turn divided into
T3a, with microscopic invasion, and T3b, with macroscopic
invasion. Finally, T4 relates to a tumor invading structures
adjacent to the urinary bladder and which is in turn divided
into T4a, with prostate, uterus or vagina invasion, and T4b,
with pelvic wall or abdominal wall invasion.

The detection and quantification of the gene expression of
the genes can be carried out by means of any non-invasive
molecular biology technique suitable for the purposes of the
invention, such as for example expression microarrays, quan-
titative real-time PCR, northern blot, conventional PCR, etc.

Specifically, the use of DNA arrays allows obtaining
expression results of a very high number of genes, allowing to
test thousands of genes in each experiment. The use of this
technique requires large amounts of RNA with a good quality
(non-degraded).

The quantitative real-time PCR technique (qQRT-PCR) is
preferably used in the present invention to detect and quantify
the diagnostic and/or prognostic genes. This technique is
more accurate, in addition to allowing the use of RNA with a
considerable degree of degradation, without this affecting the
end result. Likewise, it allows quantifying the specific RNA
of the genes of interest. In particular embodiments, the
hybridization probes used are Taqman probes.

The results obtained in the detection and quantification of
the expression of the genes in the bladder fluid sample are
compared with the normal reference values for said genes in
samples from healthy subjects. The increase or the decrease
of the marker genes levels are generally estimated by means
of comparing the results obtained from the analysis of the
samples corresponding to the subjects of the assay with the
results of the control samples, which are analyzed in parallel.
The final decision of the classification of each sample is made
by means of an “alarm system” based on the expression
values of the marker genes, such that if any of the values
observed shows a very significant deviation in relation to
what is expected in a control sample, the probability that a
final classification is a tumor classification greatly increases,
regardless of the gene which has “given the alarm”.

More specifically, in a main aspect of the invention, the
non-invasive bladder cancer diagnosis and/or prognosis
method comprises collecting a bladder fluid sample from a
subject to carry out the detection and quantification in said
sample of the expression pattern of the combination of
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ANXA10, Cl4orf78, CTSE, CRH, IGF2, KLF9, KRT20,
MAGEA3, POSTN, PPP1R14D, SLC1A6, TERT, ASAM
and MCM10 genes. The results obtained were compared to
the normal reference values for said genes in bladder fluids.

The bladder fluid sample is preferably urine, given that it is
obtained much more easily. Nevertheless, bladder washing is
occasionally done in a routine manner and RNA with a better
quality is obtained

The ANXA 10 (annexin A10) gene (also called ANX14),
located in 4q32.3, participates in cell division regulation and
in different signal transduction pathways, but their exact
function has still not been determined.

The Cl4o0rt78 (chromosome 14 open reading frame 78)
gene (also called AHNAK2 or KIAA2019) is located in
14g32.33. Its function has still not been determined.

The CTSE (cathepsin E) gene (also called CATE), located
in 1931, encodes an intracellular protease.

The CRH (corticotropin releasing hormone) gene (also
called CRF), located in 8ql3, encodes the corticotropin
releasing hormone, secreted in the hypothalamus in response
1o stress.

The IGF2 (insulin-like growth factor 2 (somatomedin A))
gene (also called 11orf43, FLI22066, F1.J44734, INSIGF),
located in 11p15.5, encodes the insulin-like growth factor.

The KLF9 (Kruppel-like factor 9) gene (also called
BTEB1) encodes a transcription factor.

The KRT20 (Keratin 20) gene (also called K20; CK20,
KRT21; MGC35423), located in 17q21.2, encodes a protein
forming part of the intermediate filaments in charge of giving
structure and integrity to epithelial cells.

The MAGEA3 (melanoma antigen family A, 3) gene (also
called HIP8; HYPD; MAGE3; MAGEAG6; MGC14613) is
located in Xq28. Its function is unknown.

The POSTN (periostin, osteoblast specific factor) gene
(also called PN; OSF-2; PDLPOSTN; MGC119510,
MGCI119511, periostin; RP11-412K4.1) is located in
13q13.3 and has a function related to cell mobility.

The PPP1R 14D (protein phosphatase 1, regulatory (inhibi-
tor) subunit 14D) gene (also called GBPI-1; FLJ20251;
MGC119014, MGC119016, CPI17-like) is located in
15q15.1 and encodes a phosphatase.

The SLC1AG6 (solute carrier family 1 (high affinity aspar-
tate/glutamate transporter), member 6) gene (also called
EAAT4; MGC33092, MGC43671), located in 19p13.12, par-
ticipates in intracellular transport.

The TERT (telomerase reverse transcriptase) gene (also
called TP2; TRT; EST2; TCS1, hEST2), located in 5p15.33,
encodes a polymerase of telomeres with reverse transcriptase
activity.

The ASAM (adipocyte-specific adhesion molecule) gene
(also called ASAM; ACAM; FL1LJ22415), located in 11q24.1,
participates in cell adhesion.

Finally, the MCM10 (minichromosome maintenance defi-
cient 10 (S. cerevisiae)) gene (also called CNA43; PR0O2249,
MGC126776), located in 10p13, encodes a protein involved
in the initiation of genomic replication.

In another aspect of the invention, the in vitro non-invasive
bladder cancer diagnosis and/or prognosis method comprises
collecting a bladder fluid sample from a subject to carry out
the detection and quantification in said sample of the expres-
sion pattern of the combination of ANXA10, CTSE, CRH,
IGF2, KRT20, MAGEA3, SLC1A6, TERT, and MCM10
genes. The results obtained are compared with the normal
reference values for said genes in bladder fluids.

In another aspect of the invention, the in vitro non-invasive
bladder cancer diagnosis and/or prognosis method comprises
collecting a bladder fluid sample from a subject to carry out
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the detection and quantification in said bladder fluid sample
of the expression of a gene selected from Cl4orf78, KLF9,
POSTN, PPP1R14D, ASAM and combinations thereof. The
results obtained are compared with the normal reference val-
ues for said genes in bladder fluids.

Thus, in one particular aspect of the invention, said diag-
nosis and/or prognosis method based on the individual detec-
tion and quantification of the expression of the C140rf78 gene
is contemplated.

In another particular aspect of the invention, said diagnosis
and/or prognosis method based on the individual detection
and quantification of the expression of the KLF9 gene is
contemplated.

In another particular aspect of the invention, said diagnosis
and/or prognosis method based on the individual detection
and quantification of the expression of the POSTN gene is
contemplated.

In another particular aspect, said diagnosis and/or progno-
sis method based on the individual detection and quantifica-
tion of the expression of the PPPIR 14D gene is contemplated.

In another particular aspect of the invention, said diagnosis
and/or prognosis method based on the individual detection
and quantification of the expression of the ASAM gene is
contemplated.

In another particular embodiment of the invention, an in
vitro non-invasive bladder cancer diagnosis and/or prognosis
method based on the detection and quantification of a gene
selected from C140rf78, KLF9, POSTN, PPP1R14D, ASAM
and combinations thereof and, additionally, at least one gene
selected from ANXA10, CTSE, CRH, IGF2, KRT20,
MAGEA3, SLC1A6, TERT and MCM10 is contemplated.

In another aspect of the invention, an in vitro non-invasive
method focused on bladder cancer diagnosis is contemplated
which comprises collecting a bladder fluid sample from a
subject to carry out the detection and quantification of the
expression pattern of the combination of ANXAI10,
Cl4orf78, CTSE, CRH, IGF2, KLF9, KRT20, MAGEA3,
POSTN, PPP1R14D, SLC1A6 and TERT genes, according to
the previously described method. The results obtained are
compared with the normal reference values for said genes in
bladder fluids.

In another aspect of the invention, the in vitro non-invasive
bladder cancer diagnosis method comprises collecting a blad-
der fluid sample from a subject to carry out the detection and
quantification of the expression pattern of the combination of
ANXA10, CTSE, CRH, IGF2, KRT20, MAGEA3, SLC1A6
and TERT genes. The results obtained are compared with the
normal reference values for said genes in bladder fluids.

In another aspect of the invention, the in vitro non-invasive
bladder cancer diagnosis method comprises collecting a blad-
der fluid sample from a subject to carry out the detection and
quantification of the expression of a gene selected from
Cl4orf78, KLF9, POSTN, PPP1R14D and combinations
thereof. The results obtained are compared with the normal
reference values for said genes in bladder fluids.

In a particular embodiment of the invention, said diagnosis
method is based on the detection and quantification of the
C140rf78 gene.

In another particular embodiment of the invention, said
diagnosis method is based on the detection and quantification
of the KLF9 gene.

In another particular embodiment of the invention, said
diagnosis method is based on the detection and quantification
of the POSTN gene.

In another particular embodiment of the invention, said
diagnosis method is based on the detection and quantification
of the PPPIR14D gene.
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In another particular embodiment of the invention, said
diagnosis method is based on the detection and quantification
of the expression of a gene selected from Cl4orf78, KLF9,
POSTN, PPP1R14D and combinations thereof and, addition-
ally, at least one gene selected from ANXA10, CTSE, CRH,
IGF2, KRT20, MAGEA3, SLC1A6 and TERT.

In another aspect of the invention, an in vitro non-invasive
bladder cancer prognosis method is contemplated which
comprises collecting a bladder fluid sample from a subject to
carry out the detection and quantification of the expression
pattern of the combination of ASAM and MCM 10 genes. The
results obtained are compared with the normal reference val-
ues for said genes in bladder fluids.

Another aspect of the invention provides an in vitro non-
invasive bladder cancer prognosis method which comprises
collecting a bladder fluid sample from a subject to carry out
the detection and quantification of the expression of the
ASAM gene. The results obtained are compared with the
normal reference values for said gene in bladder fluids.

In another aspect of the invention, the use of the combina-
tion of ANXAI10, Cl4orf78, CTSE, CRH, IGF2, KLF9,
KRT20, MAGEA3, POSTN, PPP1R14D, SLC1A6, TERT,
ASAM and MCM10 genes as bladder cancer diagnosis and/
or prognosis markers is contemplated.

Another aspect of the invention is focused on the use of the
combination of ANXA10, CTSE, CRH, IGF2, KRT20,
MAGEA3, SLC1A6, TERT, and MCM10 genes as bladder
cancer diagnosis and/or prognosis markers.

Inanother aspect of the invention, the use of a gene selected
from Cl4orf78, KLF9, POSTN, PPP1R14D, ASAM and
combinations thereof as bladder cancer diagnosis and/or
prognosis markers is contemplated.

In a particular embodiment of the invention, the use of the
C140rf78 gene as a bladder cancer diagnosis and/or progno-
sis marker is contemplated.

In another particular embodiment of the invention, the use
of'the KLF9 gene as a bladder cancer diagnosis and/or prog-
nosis marker is contemplated.

In another particular embodiment of the invention, the use
of the POSTN gene as a bladder cancer diagnosis and/or
prognosis marker is contemplated.

In another particular embodiment of the invention, the use
of the PPP1R14D gene as bladder cancer diagnosis and/or
prognosis markers is contemplated.

In another particular embodiment of the invention, the use
of the ASAM gene as a bladder cancer diagnosis and/or
prognosis marker is contemplated.

Another aspect of the invention is focused on the use of a
gene selected from Cl4orf78, KLF9, POSTN, PPP1R14D,
ASAM and combinations thereof, in combination with at
least one gene selected from ANXA10, CTSE, CRH, IGF2,
KRT20, MAGEA3, SLC1A6, TERT and MCM 10, as bladder
cancer diagnosis and/or prognosis markers.

Another aspect of the invention relates to the use of the
combination of ANXA10, Cl4orf78, CTSE, CRH, IGF2,
KLF9, KRT20, MAGEA3, POSTN, PPP1R14D, SLC1A6
and TERT genes as bladder cancer diagnosis markers.

Another aspect of the invention is focused on the use of the
combination of ANXA10, CTSE, CRH, IGF2, KRT20,
MAGEA3, SLC1A6 and TERT genes as bladder cancer diag-
nosis markers.

Another aspect of the invention relates to the use of a gene
selected from Cl4orf78, KLF9, POSTN, PPP1R14D and
combinations thereof as bladder cancer diagnosis markers.

In a particular embodiment of the invention, the use of the
C140rf78 gene as a bladder cancer diagnosis marker is con-
templated.
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Likewise, in another particular embodiment of the inven-
tion, the use of the KLF9 gene as a bladder cancer diagnosis
marker is contemplated.

In another particular embodiment of the invention, the use
of the POSTN gene as a bladder cancer diagnosis marker is
contemplated.

In another particular embodiment of the invention, the use
of'the PPP1R 14D gene as bladder cancer diagnosis markers is
contemplated.

In another aspect of the invention, the use of a gene selected
from Cl4orf78, KLF9, POSTN, PPP1R14D and combina-
tions thereof, in combination with at least one gene selected
from ANXAI10, CTSE, CRH, IGF2, KRT20, MAGEA3,
SLC1AG6 and TERT, as bladder cancer diagnosis markers is
contemplated.

In another aspect of the invention, the use of the combina-
tion of ASAM and MCM10 genes as bladder cancer progno-
sis markers is contemplated.

In another aspect of the invention, the use of the ASAM
gene as a bladder cancer prognosis marker is contemplated.

Another aspect of the invention relates to a bladder cancer
diagnosis and/or prognosis kit comprising a set of probes
suitable for the detection and quantification of the expression
pattern of the combination of ANXA10, Cl4ort78, CTSE,
CRH, IGF2,KLF9,KRT20, MAGEA3,POSTN, PPP1R14D,
SLC1A6, TERT, ASAM and MCM10 genes.

In another aspect of the invention, the bladder cancer diag-
nosis and/or prognosis kit comprises a set of probes suitable
for the detection and quantification of the expression pattern
ofthe combination of ANXA10, CTSE, CRH, IGF2, KRT20,
MAGEA3, SLC1A6, TERT and MCM10 genes.

In another aspect of the invention, a bladder cancer diag-
nosis and/or prognosis kit based on a set of probes suitable for
the detection and quantification of a gene selected from
Cl4orf78, KLF9, POSTN, PPP1R14D, ASAM and combi-
nations thereof is contemplated.

In a particular embodiment of the invention, said bladder
cancer diagnosis and/or prognosis kit, based on the set of
probes for the detection and quantification of a gene selected
from Cl4orf78, KLF9, POSTN, PPP1R14D, ASAM and
combinations thereof, additionally comprises a set of probes
suitable for the detection and quantification of a gene selected
from ANXAI10, CTSE, CRH, IGF2, KRT20, MAGEA3,
SLC1A6, TERT and MCM10.

In another aspect of the invention, a bladder cancer diag-
nosis kit, based on a set of probes suitable for the detection
and quantification of the expression pattern of the combina-
tion of ANXA10, Cl4orf78, CTSE, CRH, IGF2, KLF9,
KRT20, MAGEA3, POSTN, PPP1R14D, SLCIA6 and
TERT genes, is contemplated.

In another aspect of the invention, the bladder cancer diag-
nosis kit comprises a set of probes suitable for the detection
and quantification of the expression pattern of the combina-
tion of ANXA10, CTSE, CRH, IGF2, KRT20, MAGEA3,
SLC1AG6 and TERT genes.

In another aspect of the invention, the cancer diagnosis kit
based on a set of probes suitable for the detection and quan-
tification of a gene selected from C14orf78, KLF9, POSTN,
PPP1R14D and combinations thereof is contemplated.

In another aspect of the invention, said kit, based on the set
of probes suitable for the detection and quantification of a
gene selected from Cl4orf78, KLF9, POSTN, PPP1R14D
and combinations thereof, additionally comprises probes
suitable for the detection and quantification of at least one
gene selected from ANXA10, CTSE, CRH, IGF2, KRT20,
MAGEA3, SLC1A6 and TERT.
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In another aspect of the invention, a bladder cancer prog-
nosis kit, based on a set of probes suitable for the detection
and quantification of the expression pattern of the combina-
tion of ASAM and MCM10 genes, is contemplated.

Inanother aspect of the invention, the prognosis kit is based
on a probe suitable for the detection and quantification of the
ASAM gene.

Table 1 shows the 14 genes identified as bladder cancer
diagnosis and/or prognosis genetic markers. The ASAM and
MCM10 genes are the 2 specific genes for prognosis.

Several examples which are useful for illustrating but not
for limiting the present invention are set forth below.

EXAMPLES
Example 1

Determination of the Importance of Degradation in
Bladder Fluid Samples

To carry out the final objective of the invention, it was first
necessary to know the impact of different RNA degradation
levels on gene expression profiles, given that the quality of the
RNA obtained from bladder fluids (urine and/or bladder
washing) is generally low. It also had to be determined if the
gene expression profiles obtained from the bladder fluids
matched those obtained in the corresponding tumors.

1. Selection of Samples and RNA Preparation

A tumortissue (T) and bladder washing (BW) sample from
one and the same patient diagnosed as high-grade (G3) pT2
was selected [according to the methods described in Lopez-
Beltran A, Sauter G, Gasser T, Hartmann A, Schmitz-Drager
B J, Helpap B, Ayala A G, Tamboni P, Knowles M A, Sidran-
sky D, Cordon-Cardo C, Jones P A, Cairns P, Simon R, Amin
M B, Tyczynsky J E. Tumours of the Urinary System. In: Eble
J N, Sauter G, Epstein J I, Sesterhenn 1 A (eds.), Pathology
and Genetics of Tumours of the Urinary System and Male
Genital Organs. World Health Organization Classification of
Tumours. Lyon: IARC Press; 2004: 89-157; Sobin L H, Wit-
tekind CH. TNM Classification of Malignant Tumours. Inter-
national Union Against Cancer., 6th ed. New York: John
Wiley & Sons; 2002]. The RNA of both samples (TO and
BWO0) was extracted with TRIzol (Invitrogen, Carlsbad,
Calif., USA) according to the supplier’s instructions. Ali-
quots of both RNAs (T0 and BW0) were then degraded by
incubating them at 80° C. for 15 (T1 and BW1), 30 (T2 and
BW2) and 60 (T3 and BW3) minutes, obtaining three degra-
dation levels, as described in Xiang C C, Chen M, Ma L. et al.
A new strategy to amplify degraded RNA from small tissue
samples for microarray studies. Nucleic Acids Res 2003;
31:53, with the exception that water was used instead of a
basic buffer.

Healthy bladder mucosa samples from 4 patients without
evidence of bladder pathology (control samples) were also
collected, RNA was obtained in the same manner as with the
previous samples and the 4 RNAs were mixed in equimolar
ratios (CO).

One pl of each of the intact and degraded RNAs were
analyzed in the Agilent 2100 Bioanalyzer to determine the
quality of each RNA (according to the method described in
Imbeaud S, Graudens E, Boulanger V et al. Towards stan-
dardization of RNA quality assessment using user-indepen-
dent classifiers of microcapillary electrophoresis traces.
Nucleic Acids Res 2005; 33:e56) (FIGS. 1.A-H). FIG. 1 (J)
shows the gel with the bands of the ribosomal RNAs (28S and
18S) of each of the analyzed samples in which the progressive
degradation of these bands is observed.
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In addition, 36 tumor bladder washings (8 low-grade (L.G)
pTa, 5 high-grade (HG) pTa, 3 pT1 LG, 5 pT1 HG, 4 pTis, 9
pT2HG and 2 pT4 HG) and 14 control bladder washings from
patients without bladder pathology were collected and the
RNA was extracted in the same manner as in the previous
cases.

2. In vitro RNA Amplification and Labeling

5 ng of intact RNA (T0O and BWO) and degraded RNA (T1,
T2, T3, BW1, BW2 and BW3) were amplified by means of
using primers with a random sequence of 9 nucleotides (ran-
dom nonamer primers) modified by the additionin 3' ofthe T3
promoter sequence (T3N9) (according to Xiang C C, Chen
M, Ma L et al. A new strategy to amplify degraded RNA from
small tissue samples for microarray studies. Nucleic Acids
Res 2003; 31:e53). The probes were synthesized by means of
a direct labeling method (according to Richter A, Schwager
C, Hentze S, Ansorge W, Hentze M W, Muckenthaler M.
Comparison of fluorescent tag DNA labeling methods used
for expression analysis by DNA microarrays. Biotechniques
2002; 33:620-8, 630).

3. Array Processing and Data Analysis

Oncochip-v2 glass human cDNA microarrays were used to
co-hybridize each of the four progressively degraded aliquots
of RNA, both of tumor and of bladder washing (T0, T1, T2,
T3, BW0, BW1, BW2 and BW3), with the pool of the RNAs
from healthy bladder mucosa samples (C0). The fluorescent
images were obtained with the G2565BA Microarray Scan-
ner System (Agilent, Technologies, Waldbronn, Germany)
and the TIFF images were quantified using the Spot program
which is available from the Commonwealth Scientific and
Industrial Research Organization (CSIRO) of Australia under
the R statistical environment which is available from the
database hosted by the Institute for Statistics and Mathemat-
ics of Wirtschaftsuniversitdt Wien. The final intensity mea-
surement of each point of the microarray was calculated as
had been previously suggested in the Microarray DATA
Analysis Group managed by “Speed Berkeley Research
Group”, University of Berkeley, Berkeley, Caliif. (publicly
accessible data in the GEO database; GSE3192). Finally,
1111 valid clones were obtained which complied with all the
quality criteria and the 100 most differentially expressed
clones of each array were chosen to compare between arrays
and calculate the percentages of genes in common between
them. A high percentage of differentially expressed genes in
common was detected between the tumor tissue arrays (85 to
91%) and between the bladder washing arrays (78 to 93%)
(FIG. 2a), which indicated that RNA degradation virtually
did not affect the gene expression profiles.

An unsupervised cluster of all the clones contained in the
microarray was also carried out using UPGMA (Unweighted
Pair Group Method with Arithmetic mean) and Pearson’s
correlation. This cluster indicated that the percentage of
genes in common identified between 2 arrays hybridized with
RNA with a different degradation level (for example, BWO
and BW1) was occasionally higher than the percentage
between dye swap (DS) duplicates of the same array (for
example, BWO vs. BWO0-DS) (FIG. 26), which reinforced the
conclusion that the gene expression profiles were virtually
not altered when working with partially degraded RNA.

To determine if the gene expression profiles obtained from
the bladder washing samples matched those obtained in the
corresponding tumor, the percentage of differentially
expressed genes in common between the tumor tissue arrays
and the bladder washing arrays was compared. A high simi-
larity between the tumor and the bladder washing was
obtained (52 to 60%) and this similarity was independent of
the RNA degradation condition.
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In conclusion, this data suggested that partially degraded
bladder washing RNA could be used for gene expression
studies using microarrays and that this RNA is a reflection of
the gene expression of the tumor.

4. Quantitative Real-time RT-PCR (qRT-PCR)

To validate that the results obtained in the microarrays of a
particular patient could be extrapolated to a longer cohort, 4
differentially expressed genes in the arrays which were
related to the bladder carcinogenesis process according to the
literature (KRT20, IGF2, GSN and CCL2) were analyzed by
means of QRT-PCR. For this validation, 36 additional tumor
bladder washings and 14 control bladder washings were used.

The cDNA was synthesized from 1 ug of RNA using the
High-Capacity cDNA Archive Kit (Applied Biosystems, Fos-
ter City, USA) according to the supplier’s instructions, except
that the final volume of'the reaction was reduced to 50 pul. The
GUSB gene was used as an endogenous control. The PCRs
were carried out using Assays-on-Demand™ Gene Expres-
sion Products in an ABI PRISM 7000 SDS (Applied Biosys-
tems, Foster City, USA) according to the supplier’s instruc-
tions, except that the volume of the reaction was reduced to 20
ul.
The AACt method (ABI PRISM 7700 Sequence Detection
System User Bulletin #2: Relative Quantification of Gene
Expression P/N 4303859) was used to calculate the relative
amount of expression of each gene in relation to an average of
the expression of the 14 control samples. To establish the
reference value in the controls, the arithmetic mean of the
expression values of the 14 control bladder washings from
patients without bladder pathology was obtained.

The results of this analysis, expressed as log 2ratio, defined
as the proportion or division (ratio) between the 2 compared
conditions (in this case the endogenous control against each
gene indicated) expressed as a base 2 logarithm, confirmed
the results of the microarrays in 81% of the samples for
KRT20, in 89% for GNS, in 64% for IGF2 and in 89% for
CCL2 (FIG. 3). The high consistency between the microarray
data obtained from the analysis of a single patient and the
qRT-PCR data obtained from the analysis of a cohort of 36
additional patients confirmed that the gene expression pro-
files obtained in the microarrays were not due to the analysis
of a single patient.

5. Conclusion of Example 1

It is possible to use bladder washing RNA to deduce the
gene expression profiles of the corresponding bladder tumors,
both by means of cDNA microarrays and of qRT-PCR.

Example 2

Initial Determination of Candidate Genes for the
Predictive Model

Once it was known that it was possible to determine gene
expression profiles in bladder fluid samples, the next objec-
tive was to obtain characteristic gene expression data that was
as extensive as possible. The decision was made to follow the
strategy of starting by analyzing the largest possible amount
of'genes in a reduced number of samples, in order to progres-
sively analyze an increasingly smaller and more selected
amount of genes in a more extensive series of samples in
successive phases.

The protocol in turn involved the establishment of very
strict quality controls in all the critical steps of the process.
This included obtaining biological samples with the desired
characteristics in the operating room by surgeons of the Fun-
daci6 Puigvert team, storing and preserving the samples in the



US 9,097,715 B2

15

suitable conditions, the anatomical-pathological analysis of
the samples and the molecular processing by the laboratory
equipment.

1. Obtaining and Selecting the Biological Samples

The tissue samples were obtained in the operating room
using a cold forceps resector (tumor samples) or directly with
scissors (control samples). Part of the tissue obtained was
immediately frozen at —80° C. until being subsequently pro-
cessed for RNA extraction and remaining part was sent to the
Pathological Anatomy department for its anatomical-patho-
logical analysis. For the RNA extraction, the tissues were
mechanically homogenized and the RNAs were extracted
according to the protocol of TRIzol (Invitrogen, Carlsbad,
Calif., USA). Finally, the RNAs were quantified by spectro-
photometrically measuring the absorbance at 260 nm.

2. Groups of Samples to be Studied

Given that superficial tumors and invasive tumors seem to
have different genetic profiles, the decision was made to
compare the most extreme tumor groups (low-grade superfi-
cial tumors versus infiltrating tumors). Furthermore, the deci-
sion was also made to find out the molecular profile of a type
of tumor with an unclear clinical behavior, because they are
tumors that are superficial but have a high degree of cell
aberrations (classified as high-grade T1, pT1 HG) and in
many case (about 50%) end up being infiltrating tumors. Four
study groups were thus defined:

Group 1; low-grade (LG) superficial tumor samples which
only invade the bladder mucosa (pathologically classi-
fied as pTa LG).

Group 2: high-grade (HG) superficial tumor samples
which invade the subepithelial connective tissue (patho-
logically classified as pT1 HG).

Group 3: infiltrating and high-grade tumor samples (patho-
logically classified as pT2).

Group 4: healthy bladder mucosa samples (control).

For the purpose of reducing the biological variance, which
was rather high, pools of samples of one and the same tumor
type, i.e., with a same anatomical-pathological classification
were carried out. Thus, 3 pools of 4-5 tumor samples were
carried out for each of the groups; pTa LG, pT1 HG, pT2 HG
and controls.

3. Affymetrix Microarrays

Although a platform of microarrays based on cDNA had
been previously worked with, it was known from the litera-
ture that there were other commercial platforms based on
oligonucleotides which would allow obtaining expression
results of a higher number of genes. Finally, the decision was
made to use the Affymetrix platform given that there was a
large amount of data available in the public database for this
platform, virtually all the references mentioned its high
results quality and a new microarray (U133 plus 2.0) had just
been launched on the market which allowed determining the
gene expression of most human genes.

The Aftymetrix microarrays were hybridized and scanned
by a specialized company (Progenika) and the raw expression
data (or cel files) were directly analyzed under the R statistical
environment using the RMA (Robust Multi array Analysis)
algorithm.

4. Affymetrix Microarray Analysis

Once the standardized expression data for each clone had
been obtained, the decision was made to study how the dif-
ferent samples which had been selected clustered together by
carrying out an unsupervised cluster (FIG. 4). In the latter, it
could be observed that all the controls were clustered together
and clearly differentiated from the tumors, which indicated
that there are many differentially expressed genes between
tumors and controls (diagnostic genes). In addition, it is also
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observed that the 3 pools of infiltrating tumors (pT2_1,
pT2 2 and pT2_ 3) and high-grade superficial tumors (pT1
HG_ 1, pT1 HG_ 2 and pT1 HG_ 3) are clustered together
and differentiated from the 3 pools of low-grade superficial
tumors (pT1 LG _ 1, pT1 LG_ 2, pT1 LG_ 3), which should
allow locating marker genes of either pathway (prognostic
genes).

As aranking system for comparing the different groups and
obtaining the best differentially expressed genes, the decision
was made to use the ratio between the maximum intensity
value of the group with the lowest mean and the minimum
intensity value of the group with the highest mean, in a loga-
rithmic scale. This measurement is equivalent to the mini-
mum fold change which could be obtained by comparing any
replica of a group against any replica of the other group. The
end result obtained were literally thousands of genes with
sufficiently significant expression differences between
tumors and controls.

5. Validation of the Microarrays Results by Means of Quan-
titative Real-Time PCR

Once the genes were ordered from more to less differen-
tially expressed, the decision was made to verify the results
obtained with a completely independent and, according to the
literature, much more accurate technique, quantitative real-
time PCR (qRT-PCR). Ten of the most differentially
expressed genes were selected to carry out this technical
verification and their gene expression was quantified by
means of qRT-PCR using exactly the same pools hybridized
in the microarrays (in order to be able to compare the results
of both techniques) and using the individual samples of each
pool (in order to be able to study the replicability of the actual
qRT-PCR technique) (FIG. 5). A regression coefficient of
0.978 was obtained in the comparison between microarrays
and gRT-PCR, which indicated a very good replicability
between the 2 techniques. When the arithmetic means of the
individual samples obtained by means of qRT-PCR and their
expression in the pools by means of the same technique were
compared, the regression coefficient was 0.995, which con-
firmed that the bibliographic data of the fact that the quanti-
fication by means of qRT-PCR has an excellent technical
quality.

6. Conclusion of Example 2

Taking into account the results observed by means of the
quantification of gene expression using two completely inde-
pendent techniques in a small group of genes, it can be
extrapolated that the expressions observed by means of
microarrays seem to be sufficiently reliable for being used to
define a robust group of candidate genes for a subsequent,
more extensive and specific analysis.

In parallel, it was concluded that although the microarrays
were suitable for quantifying gene expressions, qRT-PCR
was still more accurate, in addition to allowing higher RNA
degradation levels in the sample without this negatively
affecting the end result.

Example 3
First Selection of Candidate Genes

The final objective of this study was to select a reduced
group of genes related to bladder TCC and that diagnostic and
prognostic tumor information were obtained upon quantify-
ing their expression. To that end, it has been verified that two
techniques can be used, DNA microarrays and quantitative
real-time PCR. By means of the microarray technology, thou-
sands of genes are tested in each experiment and a larger
amount of RNA with a better quality is needed to conduct the
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experiments than with the QRT-PCR methodology. Further-
more, the latter is a more accurate technology and the exact
number of genes of interest can be quantified. Therefore, the
decision was made to use the TagMan Low Density Array
(TLDA) technology, based on qRT-PCR, in the subsequent
phases of the study.

1. Selection of 384 Genes for the TagMan Low Density
Arrays (TLDA) Cards

TLDA are microfluidic cards containing the lyophilized
primers and TagMan probe for a maximum of 384 genes
(there are different TLDA configurations which allow ana-
lyzing from 384 genes in one and the same card and up to 48
genes and 8 samples in one and the same sample). Therefore,
from the previously conducted experiments by means of
Aftymetrix microarrays hybridized with tissue RNA, a sub-
group of 384 genes has to be selected. The most differentially
expressed genes between tumors and controls (diagnostic
genes) and also the differentially expressed genes between
the three tumor groups: pTa LG, pT1 HG and pT2 HG (prog-
nostic genes) were selected.

In addition, given that one of the objectives of the project
was to work with bladder fluids, the intention in this phase of
the project was to be able to study these 384 genes not with
tissue RNA, as had been done up until now, but rather directly
with bladder fluids (urine or bladder washings).

2. Collection and Processing of the Bladder Washings and
Urine

The bladder washing samples were collected by barbotage
intraoperatively, before the resection of the bladder tumor or
before cystectomy. The urine samples were collected by
spontaneous urination before the patient entered into surgery.
Both the bladder washing samples and the urine sample were
transported to the laboratory in ice immediately after being
collected. The samples were mixed with Vs volumes of 0.5M
EDTA, pH 8.0 and were centrifuged at 1000xg for 10 min-
utes. The cell pellets were resuspended in 1 ml of TRIzol
(Invitrogen, Calsbad, Calif., USA) and were frozen at —-80° C.
until the RNA extraction.

425 tumor bladder washing samples, 30 control bladder
washing samples, 43 tumor urine samples and 158 control
urine samples were collected and stored.

3. RNA Extraction and cDNA Synthesis

The RNAs were extracted according to the protocol of
TRIzol (Invitrogen, Calsbad, Calif., USA) and were quanti-
fied by spectrophotometrically measuring the absorbance at
260 nm.

The ¢cDNA was synthesized from 1 ug of RNA using the
High-Capacity cDNA Archive Kit (Applied Biosystems, Fos-
ter City, USA) according to the supplier’s instructions, except
that the final volume of the reaction was reduced to 50 pl.

4. Selection of “Tagman Gene Expression Products” and
Quantitative Real-time RT-PCR (qRT-PCR).

Once the genes of interest were known, the primers and
fluorescent probe (TagMan Assays-on-Demand™ Gene
Expression Products) were selected for the quantification of
the gene expression by means of qRT-PCR in the Applied
Biosystems web.

A microfluidic card (TagMan Low Density Array, TLDA)
was configured which contained 384 assays corresponding to
diagnostic genes and prognostic genes and to endogenous
control genes (FIG. 8). This TLDA configuration allows ana-
lyzing a single sample per card. The table of FIG. 8 indicates
the gene name and symbol, as well as the Aftymetrix clone in
which the differential expression of the gene was found. The
name of the TagMan Gene Expression Assay available from
the Applied Biosystems selected for the TagMan Low Den-
sity Array microfluidic card is also defined. This assay name
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is in turn indicating the gene region which will be amplified in
the qRT-PCR. Finally one of the major transcripts which will
be amplified with this assay (Ref Seq or Gene Bank mRNA)
is indicated.

The PCRs were carried out in an ABI PRISM 9700 HD
SDS (Applied Biosystems, Foster City, USA) according to
the supplier’s instructions.

A total of 60 samples were analyzed by means of 384-gene
TLDA:

39 tumor bladder washing samples

15 control bladder washing samples

3 tumor urine samples

3 peripheral blood samples; this was carried out given that

in the previous analysis, based on Affymetrix microar-
ray, muscle tissue contamination had been observed in
the supposedly pure bladder mucosa samples and there
were signs for suspecting that in there could be contami-
nation in the bladder fluid samples due to the immune
system. Therefore, the decision was made to analyze 3
lymphocyte samples in order to be able to eliminate by
comparison the genes which are highly expressed in
blood (given that blood would be a constant contaminant
in the bladder fluid samples from patients with bladder
tumor).
5. Analysis of the 384-gene TLDA

Once all the PCRs were conducted, the threshold levels and
baseline levels that were most suitable for each gene were
established and the Ct (cycle threshold) or raw expression
data by means of'the SDS 2.1 program (Applied Biosystems).

Subsequently, the relative expression measurement of each
gene or delta Ct (Ct of the target gene—Ct of the endogenous
control, GUSB in this case) was calculated and it was studied
how the individual samples clustered together by means of an
unsupervised cluster (using Fuclidean distances and
UPGMA) (FIG. 6). The first classification level which was
observed in this cluster is the differentiation between the 3
samples from peripheral blood and the bladder fluid (bladder
washings and urine) samples. In addition, the bladder fluids
are sub-clustered into a group of samples which cluster
together in the upper part of the cluster (from the B155-
RV_T2high sample to the B288-RV1_TaG2high sample) and
which is formed only by tumor bladder fluid samples, and
another group of samples in the lower part of the cluster (from
the B71-RV_TaG2lowCIS sample to the B109-RV_T2high
sample) which is formed by a mixture of tumor and control
bladder fluids. Inside the upper cluster, high-grade and low-
grade tumors can in turn be distinguished, whereas in the
lower cluster there is a clustering with almost only control
samples and another clustering with a mixture of controls and
tumors, It must be taken into account that a change has been
made from analyzing tissue in pools to bladder fluids in
individual samples, therefore this loss of discrimination
power by means of a cluster was relatively predictable.

The objective of this analysis was to reduce the genes to be
studied in the next phase, with a higher number of samples,
from 384 to 96. Different parameters were taken into account
for the process for selecting the best genes, including the
previously described statistical parameter (minimum fold
change), but also the logarithmic scale proportion of the
medians of the 2 compared groups (median fold change) and
an individualized manual analysis by genes of the different
intensity values. This allowed reducing the initial group of
384 genes to the 96 genes required for the next phase of
experiments (FIG. 9).
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Example 4

Second Selection of Genes to Increase the
Diagnostic/Prognostic Power

In this phase of the work, the objective was to increase the
discrimination power between tumor and control samples. To
that end, the intention was to analyze a higher number of
bladder fluid samples and reduce, if possible, by at least half
the number of genes on which the initial prototype of this
diagnosis and prognosis system should be based.

1. Samples to be Analyzed and 96-gene TLDA

The microfiuidic cards (TagMan Low Density Arrays) con-
taining 96 assays (FIG. 9) were configured and processed in
the same manner as with those of 384 genes, with the differ-
ence that this TLDA configuration allows analyzing 4
samples per card.

A total of 80 samples were analyzed by means of 96 gene-
TLDA:

42 tumor bladder washing samples

8 control bladder washing samples

15 tumor urine samples

15 control urine samples
2. Analysis of the 96-gene TLDA

Given that the technology used in the previous phase of
experiments (Example 3) was exactly the same as in this
example and the genes analyzed in this phase were already
included in the previously analyzed 384-gene TLDA, the
decision was made to extract and add the 60 samples of
Example 3, with the data of the new 80 samples (Total=140
samples).

A first analysis was conducted by means of an unsuper-
vised cluster of the 140 samples with the expressions of the 96
genes and 2 clearly distinguished large groups (FIG. 7) could
be observed. In the first group (FIG. 7.B), all the samples are
tumor samples without exception. In contrast, in the second
group (FIG. 7.A), most of the samples are controls, but there
are some tumor sample, with a genetic profile that cannot be
distinguished from normal sample, The conclusion which
could be extracted from this result is that most tumors had
characteristic genetic profiles that were differentiated from
the control samples, although there were some cases in which
the general profile was not distinguished from a normal
sample and, therefore, they could not be detected. The same
effect as for Example 3 was being observed, although the
discrimination capacity in the samples was now higher.

Based on the data observed from the clusters and in proper
exploratory analyses attempting to use other classification
algorithms (such as discriminating linear analysis, k-nearest
neighbor (KNN), etc.), it could be observed that the problem
of the discrimination of some tumors in relation to control
samples persisted. The new working hypothesis was that any
system for the global calculation of a discriminating measure-
ment using a specific group of genes had the same problem,
This consisted of the fact that, due to the high heterogeneity of
the tumors, it was relatively easy to recognize the profiles of
most of them, which would have mostly similar alterations,
although there would always be a minority of cases for which
the global behavior of the genes selected for their analysis
would not be distinguished from the control samples, because
they would have altered minority pathways.

To detect both majority and minority tumors, an “alarm
system” was established by means of establishing a range of
values between which the control samples ranged and adding
a confidence interval such that a point could be determined
from which an expression that was higher (or lower in the case
of underexpressed genes) would indicate a tumor, regardless
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of the expression values observed in the other genes. The
advantage of this system is that, although the tumor has gen-
eral expression profiles similar to healthy samples, if one of
the alarm genes is triggered, it allows affirming that the
sample is a tumor sample.

The first step in the development of said system was the
estimation of the expression ranges of the controls and their
confidence intervals. Since it was very important for the con-
trol values to not have technical errors which would falsely
alter the ranges, the decision was made to eliminate the con-
trols that did not have a minimum quality level. To calculate
this quality measurement, 3 genes (GUSB, 18S and PPIA)
were used, which were furthermore useful as endogenous
controls (by calculating their geometric mean) for the relative
quantification of all the genes. By analyzing the individual
behavior of the distribution of each gene, it was not possible
to verity that a sufficient fit to a normal distribution was met,
therefore confidence intervals based on its variance could not
be established. As an alternative, the decision was made to
establish arbitrary and fixed confidence intervals with difter-
ent stringency levels (the decision was made to use double, 4
times or 8 times the value of the control with expression
values that were more similar to the tumors as a threshold
point).

Once the threshold point for each gene was determined, all
this information was summarized in a matrix with the 96
genes against the tumor samples. The values which did not
exceed the threshold level were marked with 0 and those that
did exceed it were marked with 1 (for every stringency level).
To select the best genes (with which the intention was made to
reduce the profile to at least 48), two properties were taken
into account: 1) that the gene could detect a high number of
tumors (searching for the one having a higher sum of values
1) and 2) that this detection were as independent as possible
from other alarm genes (in order to be able to detect the
maximum of minority pathways).

As a result, the number of interesting genes could have
been reduced to less than 48, although for technical reasons
and being conservative, the decision was made to maintain
this number for their analysis in subsequent phases, because
some intervals in the controls might not be completely correct
(due to the low number of control samples analyzed up until
now).

To automate the process for analyzing new samples from
the genetic profile of the 48 selected genes (FIG. 10), a com-
puter program was created which, starting from the Cts
results obtained from the qRT-PCR, can carry outa diagnostic
prediction. This program can use different parameter files
(depending on the stringency in the intervals), therefore the
sensitivity (SN) and specificity (SP) values vary. Using the
least stringent parameter file (the threshold point being
double the control that is closest to the tumors), SN=100%
and SP=100% was obtained. In the case of the second param-
eter file (the threshold point being 4 times the control that is
closest to the tumors), SN=98.96% and SP=100% was
obtained. In the last case (the threshold point being 8 times the
worst control), SN=97.93% and SP=100% was obtained. It is
important to indicate that these results have been obtained on
the same samples used to generate the parameter files, there-
fore an overfitting is probably occurring which it would be
necessary to estimate in subsequent experiments with new
samples.

Example 5
Development of a Final Diagnosis Model

The objectives in this phase of the project were to test and
improve the tumor prediction model as well as to reduce to a
minimum the number of genes used to carry out the predic-
tion.
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For this phase, it was necessary to amplify much more the
group of tumor and control samples. 440 new samples were
analyzed by means microfluidic cards with 48 genes, which
have been added to the data of Example 3 (60 samples) and of
Example 4 (80 samples).

Once the minimum quality controls in the samples have
been carried out, they were analyzed by means of the previ-
ously described qualitative alarm model. The result obtained
(SN=0.81 and SP=0.81) was rather different from that
obtained with the final model of Example 4, therefore the
decision was made to attempt improving it, because it prob-
ably had much overtraining.

From the observation of the discretized frequency histo-
grams of each of the genes, it could be observed how the
tumor and control samples were distributed. Due to the fact of
having greatly increased the sampling, the overlapping limit
between the distributions has been considerably reduced. It
could also be observed that, although in a very low frequency,
some control cases had expression levels that were very simi-
lar to the tumors.

Although at a conceptual level, the developed qualitative
alarm system was still considered a good approximation to
the cell behavior of the gene expressions, the impossibility to
quantify the importance of each of the genes represented a
serious limitation to the predictive power thereof.

Based on the same alarm concept, the decision was madeto
attempt developing a quantitative model, which was possible
by using Bayes’ conditional probability theorem.

Since the number of analyzed samples is sufficiently high,
the probabilities that, given an expression value, the sample is
either a tumor or a control can be estimated from the expres-
sion frequencies observed.

One of the advantages of a model based on Bayes’ theorem
is that it can be independently applied to each sensor gene.
The gene expression observed will modify the a priori prob-
ability of being a tumor, giving an a posteriori probability,
which can be used again as an a priori probability for the next
gene. In fact, independence between the different genes is
being implicitly assumed.

The final number of samples on which it has been possible
to apply the model was 308 tumors and 156 controls.

When this model was iteratively applied on the 48 genes, a
significant improvement was obtained in the prediction
power of the previous qualitative model (SN=0.86 and
SP=0.92), although by studying the frequency histograms it
could be observed that many genes seemed to not provide
significant information to the final model. Therefore, the pro-
posal was made to select the sub-group of genes sufficient and
necessary to capture the maximum of diagnostic information
of the samples.

There was no clear way of carrying out the selection of
most interesting genes by using the quantitative model. The
old qualitative model did allow selecting the most informative
genes and, in turn, with a higher independence between them.
Theresult of using the best genes detected with the qualitative
model (CTSE, MAGEA3, CRH, SLC1A6, PPP1R14D,
1GF2, C140rf78 and KLF9) over the new quantitative model
showed an important improvement in the results (SN=0.89
and SP=0.96).

In any case, the decision was made to attempt other
approximations. From the visual analysis of the frequency
histograms of the 48 genes, the apparently most informative
sub-group (ANXA10, CRH, IGF2, KRT20, MAGEA3,
POSTN, SLC1A6 and TERT) and with histograms that were
most varied between one another (expecting that this fact
would indicate a higher independence between them) was
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selected. The result obtained also showed a significant
improvement in relation to the analysis of the 48 genes
(SN=0.90 and SP=0.96).

Finally, since both the sub-group of genes obtained by
means of the qualitative model and the visually selected genes
showed improvements in relation to the initial quantitative
model, the decision was made to combine the genes of the 2
approximations (ANXA10, Cl4orf78, CTSE, CRH, IGF2,
KLF9, KRT20, MAGEA3, POSTN, PPP1R14D, SLC1A6
and TERT). The result of the combined model was slightly
better than any of them (SN=0.91 and SP=0.96).

Once the model was obtained, the decision was made to
study if there was any common pattern both in the tumors and
in the controls that were badly classified. In the case of the
controls, a significant presence of samples with tumors in
contact with the urinary system (mainly prostate, kidney and
penis) could be detected. These types of samples probably
have common expression patterns with bladder tumors, there-
fore they can confuse the prediction model. Therefore, the
decision was made to eliminate from the control samples all
the cases with tumors which might be in contact with the
urinary system.

The number of control samples decreased from 156 to 126,
there also being 308 tumor samples. An important improve-
ment (SN=0.90 and SP=0.93) was observed by using the
quantitative model with the 48 genes on this new population.
In the case of the 8 most independent genes, SN=0.91 and
SP=0.97 was obtained. In the sub-group with the most inter-
esting histograms, SN=0.91 and SP=0.97 was obtained.
Finally, in the combined sub-group of genes, SN=0.93 and
SP=0.97 was obtained. It can generally be seen by calculating
the data again with each previously selected sub-group that
the power of the model had been increased by eliminating
these types of controls.

As regards the study of the badly classified tumors, a sig-
nificant increase in the number of cystectomies present in this
group was detected. It is believed that the prior transurethral
resection (TUR) which is frequency performed very close in
time to radical surgery could be altering the molecular profile
which was observed, since the tumor masses have been physi-
cally removed partially or completely from the epithelial
walls of the bladder. Although in this study, cystectomy cases
have not been eliminated since the data are not conclusive, it
is recommended to not include these types of sample in the
analysis of new populations.

Example 6
Development of a Final Prognosis Model

Although the most important concern was tumor predic-
tion (diagnostic prediction), there was also an interest in
classifying the different types of tumors (prognostic predic-
tion), which is the main objective of this section. This classi-
fication could allow further personalizing the treatment in
each case.

The tumor classification is currently based on the macro-
scopic and microscopic observation in the pathological
anatomy laboratory. Their classification is decided by means
of'more or less standardized observations, based on the depth
of the tumor and on the microscopic appearance of the cells.
Recent molecular studies seem to indicate that there are actu-
ally two differential genetic profiles which mostly separate
superficial type tumors and infiltrating tumors.

To carry out a prognosis classification model, the different
groups of tumor groups must be correctly separated. The
anatomical-pathological observations do not ensure the
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match with the behavior at molecular level of the samples,
therefore it did not seem a good idea to derive a prognostic
model only from this classification. The use of a classification
system by means of an unsupervised cluster (which mostly
separated the samples into 2 large groups) was chosen, in
addition to taking into account the anatomical-pathological
(AP) grade.

As a group of valid superficial tumor samples, it was nec-
essary for them to cluster together according to the cluster in
the group corresponding to them and according to AP, they
had to be low-grade Ta, T1 tumors and without associated
carcinoma in situ (cis). The infiltrating tumors had to belong
to the corresponding group of the cluster and according to AP
they had to be high-grade T1, T2, T3 or T4 tumors and any
tumor with the presence of CIS.

In the group of samples defined as superficial tumors, 129
of the 308 tumors were classified. In the group defined as
infiltrating tumors, 100 of the 308 tumors were classified.
Finally, 79 tumor samples either had discrepancies between
their anatomical-pathological classification and their
molecular profile or were not clearly defined within the two
major groups of the cluster.

The methodology used to create a model which would
discriminate between superficial and infiltrating tumors is
exactly the same as that used in Example 5 to obtain a diag-
nostic model.

When Bayes’ theorem was applied using the 48 genes, a
good classification was obtained (SN=0.97 and SP=0.96).

It could be observed that the genes interesting for diagnosis
coincided to a great extent with prognostic genes by analyz-
ing the frequency histograms. However, there were some
genes (MCM10 and ASAM) which were not suitable for
diagnosis and were suitable for prognosis, therefore these two
genes were added to the 12 previously selected genes. The
resulting model with 14 genes proved to work almost per-
fectly (SN=0.99 and SP=1.00). Table 1 includes the 14 genes,
indicating the gene symbol and the name of the TagMan Gene
Expression Assay selected for the TagMan Low Density
Array microfluidic card.
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TABLE 1
TagMan Gene

Gene symbol Expression Assay
ANXAILO Hs00200464 m1
Cl4orf78 Hs00746838 s1
CTSE Hs00157213 m1
CRH Hs00174941 m1
IGF2 Hs00171254 m1
KLF9 Hs00230918 m1
KRT20 Hs00300643 m1
MAGEA3 Hs00366532 m1
POSTN Hs00170815 m1
PPP1R14D Hs00214613 m1
SLC1A6 Hs00192604 m1
TERT Hs00162669 m1
ASAM Hs00293345 m1
MCM10 Hs00218560 m1

The invention claimed is:

1. A bladder cancer diagnosis and/or prognosis kit, con-
sisting of a set of probes suitable for the detection and quan-
tification of the expression pattern of the combination of
ANXA10, Cl4orf78, CTSE, CRH, IGF2, KLF9, KRT20,
MAGEA3, POSTN, PPP1R14D, SLC1A6, TERT, ASAM
and MCM10 genes.

2. A bladder cancer diagnosis and/or prognosis kit, con-
sisting of a set of probes suitable for the detection and quan-
tification of the expression pattern of the combination of
ANXA10, CTSE, CRH, IGF2, KRT20, MAGEA3, SLC1AG,
TERT and MCM10 genes.

3. A bladder cancer diagnosis kit, consisting of a set of
probes suitable for the detection and quantification of the
expression pattern of the combination of ANXAIO,
Cl4orf78, CTSE, CRH, IGF2, KLF9, KRT20, MAGEA3,
POSTN, PPP1R14D, SLC1A6 and TERT genes.

4. A bladder cancer diagnosis kit, consisting of a set of
probes suitable for the detection and quantification of the
expression pattern of the combination of ANXA10, CTSE,
CRH, IGF2, KRT20, MAGEA3, SLC1A6 and TERT genes.
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